A newantifungal diketopiperazine namedhaematocin was isolated from the culture broth of Nectria haematococca Berk, et Br. (880701a-1) causing blight disease on ornamental plants, Phalaenopsis spp. and Doritanopsis spp. Its structure was established by spectroscopic methods. Haematocin inhibited the germ-tube elongation and spore-germination of Pyricularia oryzae at the ED50 values of30 //g/ml and 160 //g/ml, respectively. The producing organism, Nectria haematococca Berk, et , was inoculated into 300-ml Erlenmeyer flasks containing 100ml of the seed medium of the modified Czapek-Dox medium containing yeast extract 0.05% (pH 6.8). After incubation at 25°C for 3 days on a rotary shaker (160rpm), one ml of this suspension was transferred to 300-ml Erlenmeyer flasks each containing 100 ml of the modified Czapek medium. The fermentation was carried out at 25°C for 5 days (160rpm).
Manyclasses of bioactive metabolites have been found from fungal pathogens of plants: i.e. antibiotics, phytotoxins, plant-growth regulators, enzymeinhibitors, and so on. These active metabolites are often accompanied by undesirable biological-activities toxic to plants and/or animals, which make it difficult to apply for practical use.
To isolate new antifimgal agents without any toxicity to plants, we have screened the cultures of the phytopathogenic fungi by using both bioassays of fungalspore germination and seedlings of plants. In this report, the isolation, structure determination, and biological activity of a new antifungal agent named haematocin, produced by Nectria haematococca Berk, et Br. (880701a-1)1} causing blight disease on ornamental plants, are described.
The producing organism, Nectria haematococca Berk, et , was inoculated into 300-ml Erlenmeyer flasks containing 100ml of the seed medium of the modified Czapek-Dox medium containing yeast extract 0.05% (pH 6.8). After incubation at 25°C for 3 days on a rotary shaker (160rpm), one ml of this suspension was transferred to 300-ml Erlenmeyer flasks each containing 100 ml of the modified Czapek medium. The fermentation was carried out at 25°C for 5 days (160rpm).
The broth filtrate (5 liters) was adjusted to pH 2.5 and extracted with ethyl acetate (5 liters). The ethyl acetate layer was re-extracted with saturated NaHCO3 and the neutral fraction was obtained. The NaHCO3layer was adjusted to pH 2.5 and extracted with ethyl acetate to give the acidic fraction. The acidic fraction inhibited toward both the spore-germination of Pyricularia oryzae and the seedlings of rice and Chinese cabbage, while the neutral fraction did toward only the spore-germination (data not shown). The isolation and identification of the antifungal agents for the neutral fraction was undertaken. The neutral fraction (167mg) was applied to a silica gel column (6g) and eluted stepwise with 5 :95, and 10 : 90 v/v while the El and FAB-MSspectrum gave the intense ion peaks at m/z 455, accompanying by each the low intensity peak at m/z 502 (4%) and m/z 503 (trace). The molecular formula was determined to be C24H26O6N2S2 from the HREI-MS.
The lB NMRspectrum (400MHz, CDCL, Fig. 1 and Calcd: (Table 2) . Therefore, the remaining, olefinic-carbon having no proton at <5C 133.98
can be assigned to the C-4. The FG-HMBC experiment (Fig. 3) unambiguously indicated the positions of the acetyl and methylthio group; the correlation of the C-8 methine (<5H 6.13) and suggested that the nitrogen atom of the amide group bears the C-9 and C-2, and the methylene group bears the C-2 and C-4. Thus, the structure of haematocin is given as a diketopiperazine illustrated in Fig. 3 . The presence of the allylic couplings between H-5 and H-3 and the correlation of the C-8 methine (<5H 6.13) to the C-4 also supported the deduced structure. The two identical units forming haematocin are present in those of bisdethiodi(methylthio)-acetylapoaranotin2) (BDAA). The proton chemical shifts for the common structural unit of haematocin and BDAA were roughly identical. This supported also the plain structure ofhaematocin. The relative stereochemistry on the C-2, C-8, and C-9 of haematocin was determined by the values of the protonproton coupling constants and the DIF-NOE experiment (Fig. 2) . The vicinal coupling constants of H-8 and H-9, 14.8Hz, indicated that H-8 and H-9 are in a trans-diaxial relationship. The DIF-NOE experiment showed that the methylthio group is the same side as H-8 and Hb, and H-9 is the same side as Ha. Thus, the relative stereostructure of haematocin was illustrated as Fig. 3-(l) . The absolute stereostructure was determined by a comparison of the CD spectrum of haematocin with that of acetylaranotin3) (Fig. 3-(2) ). The relative stereochemistry on the common three asymmetric carbon atoms of haematocin and acetlylaranotin is identical, although acetlylaranotin differs from haematocin in having the dihydrooxepin and disulfide moieties in place of the cyclohexadiene and methylthio moieties of haematocin. The absolute Since the large amplitude Cotton effect at 222nm in haematocin and at 229nm in acetylaranotin which is assigned as that due to the n-n* transition of a diketopiperazine chromophore showed an identical negative sign, it was deduced that the absolute stereochemistry of haematocin is the same as that of acetylaranotin on the asymmetric carbon atoms. Thus, the complete stereostructure for haematocin was demonstrated as shown in Fig. 3-(l) .
The biological activity of haematocin was examined by the spore-germination assay using Pyricularia oryzae and by the seedling assay using Chinese cabbage and rice. Haematocin inhibited both the spore-germination and germ-tube elongation. The inhibition rate for the sporegermination after 5 hour-incubation was 97.5, 71.2, 20.0, and 6.4% at each concentration of 500, 250, 125, and 60/ig/ml.
At a concentration lower than 30/ig/ml, no spore-germination inhibition was observed, however, the inhibition for the germ-tube elongation after 18 hour- Spore-germination Assay Using Pyricularia oryzae The spore germination test was conducted using the rice blast fungus, Pyricularia oryzae, according to a previously described procedure5). The inhibitory activities were determined after the 5 hour-incubation for the germination and after 1 8 hour-incubation for the germ-tube elongation, respectively.
Seedling Assay of Chinese Cabbage and Rice Twelve seeds of Chinese cabbage (cv. Osho) and rice (cv. Sasanishiki) were placed on filter paper moistened with 2ml of test solution in a 6-cm Petri dish, cultured under a fluorescence lamp at 28°C for 3 days. The hypocotyl (or mesocotyl) and root lengths were measured.
Isolation of Haematocin
After acidification with 1 n HC1 to pH 2.5, the filtrate of VOL.53 NO.1 THE JOURNAL OF ANTIBIOTICS the culture broth (5 liters) at 25°C for 5 days was extracted with EtOAc (total 5 liters).
The EtOAc layer was reextracted with saturated NaHCO3 and concentrated to give the neutral fraction (167mg). The NaHCO3 layer was adjusted to pH 2.5 and extracted with EtOAc. The EtOAc extracts were concentrated to give the acidic fraction (80mg). The neutral fraction (167mg) was subjected to a silica gel column (6g) with a stepwise elution of MeOH- 
